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The placing of fropii on a prognostic ohart iz s diffioult problem and

has nsver bsoen thoroughiy i“.v.v‘gauad. In the soastructiocn of sush charts,

models and sxperience goneraliy musi be used to piace the frontal systems.

As noted in Riehl et al., Foreossting in Middle Latitudos,l we have no
method to predint first the frontal positions and from thesze deduse ths positicn
and intensity of tho low pressure centers to be expected. On the oontrary, we
must at first predict the cyclonece from other consideratiocns and then enter ths
fronts with the aid of modelss It is the objective cof this study to plase these
modele on a more gquantitetive footing end o find the most probable frontal
position tn be sntsred ¢n presgnostis charts, given a 500-mb forecast and a

rradiotion where the surfece lows will be asituated and what their relative
intensity will be.

Experience has shown that the frcatal penstration betssen suocessive low
centers ins limited to mome fraction of the distance betwesn these lowee A rule
of thumb has been 4o use & wvalus one-fourth to cne-half of this distance, when
measured rormal to & line ocanecting the two centers. Here we shall try to
determine the valus of this rule and also to ses if additional peramsters can
be introduosd. Orly North Amerioa and the western Atlantic &re considered.

Surface and 500-mb oharts wers examined for October through Mareh, 1946,
1949 and parts of 1945, 1947, ampd L9607 Burface charts for Deoember
1903-06 and 192426 also were included in the ztudy in order to deal with a
sample from & wide spread cf ysars.

Tebls 1 gives the percent frequenoy of the amount of oold front penetration
a8 & percentago of the siraight-line distance betwsen succeasives lows. The

averege penetration is 51% and the distribution about the mean is approximately
normal. The sample insludes 126 oases.

8inoe this table shows suoh & marked peak nsar 50%, this waulue is cer-
tainly the best firat spproximation. What is now needed iz to b= able to tsll

when the penetration will be n2ar this value and when large departurez from
this average will ocour.

To aoccomplish this, the data were retabulated with respsot to three
paremeters, 1) longitude of the leading low, 2) relative intonaafy of the
lows involved, 3) position of the 500-mb trough.

1pMS Monograph #5, 1952.



gt Aad

D aibeg-shgpechoan = Sty e

W, -
- o —— o e

S e i $

e P e e -t

vy

-
-

D S S s B

P
&~

1) For this breakdown, the dats were divided into four groups as followss

a; esst of 80°W,
b) tetween 80° and 90°W,
o; between 90° and 100°W,
d) west of 100°K.

The results were suoch as to permit a simplifisd groupings Leading low

a; east of 90°W,
b) west of S0°W.

Table 2 shows that there is a tendensy for the penetration to exoeed 50X when
the low is west of 90°W and to be less than 50% when the low is east of S0°W,
This result was antioipated and may be related to topographio features of the
United States. Over the western plains, 0old eir mmeses are acoelsrated south-
ward beosuss of the banking effect of the Roocky Mountains.

2) For the oomputation of the relative strength of the lows, the pressure
difference between the oentral ifsobars was used. As ths historioal map series
oontains 5~-mb isobars, the limits chosen were

a) pressure of leading low 10 md or mors lower;
b) pressure differense % 5 mb;
o) pressure of leading low 10 mb or more higher.

As the last group ocontained very few oases, Tabls $ only oonsiders the first
two olass intervals, each of which contains over 40X of the cases. We sse --
perhaps surprisingly -- that ths frequonoy distribution of the upper row of
Tabls 3 is quite similar to Tabie 1. It provides no additioomi information
sxcept to peint out that cold fronts may be stalled readily even when the
leading low is muoh more intense than its suocessor. When the intensity of
the lows was nearly equal, however, ths penetration was distinotly sub-average.

S$) In oonsidsring the position of the 500-mb trough, the qusstion asked
was as follows: Is a 500-mb trough associated with the leading iow, or is the
trough to the rsar of both lows, so that the flow is relatively straight
between them?! In answering this question, 1% should be kept in mind that ths
Hietorical Map Series is printed en very small socale maps: Although the flow
may be piotured as roughly straight on thess charts, larger-soals base maps
are likely to revsal a weak chort wavs trough oonnected with the leading low.
Thus the olassifiocation disoussed here is rather qualitative, Aocording to
Table 4, little help is obtained for ths forsoast when a marked trough is
assooiated with the leading low. This is in acoord with the upper row of
Table S. The paramoters used for the prenaration of Tablss S ard 4 probably
are partially oorrelated and the similer reailt thereforeis as should bs expeoted.
Corrsspondingly, 00ld front penetriticnz averagc bslow the mear when the flow
betwesn the lows is relatively straight and when only a weak upper trough is
presept between them.

Conolusions This study has shown that in the absence of other information,
a oold front should be entered on prognostio charts for North Amerioa and
the western Aulantio so that its farthsst penetration on that partioular map,
wher moaswed normal to the line oonneating two sucoessive lows, is 50% of
the length of the line. The following modifioations also have been suggsested:
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1) If the front lies east of 90°W, the penstration is apt to be sud- !
avorage; if it lies west of 90°W, above average.

2) If sunceeding lows have about equal strength ¢he penetration will
tend to be sub~average.

3) If the 500-mt “low between these lows is without marked trougn, the
ponetratica agalin 15 .. j to bs wub-average.

In futuro work the following steps may bi taken:

1) BExtension to & larger sample.

2) 1Inclusion of other parameters, sspecially diresction of mction and
speed of the lows. Qualitatively, we have the rule that penstrazion is pro-
portional to the meridional componen: of motion of lowa snd {aversely propor-
tional to their speed. Evidently, thesea rules will only verify within eertain

broadsoale settings. They are also correleted in part witih the paramsters hers
oonsidered.

3) Rventual combination of all parwmeters located into a single foresast
graph.
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Per Cent
Penetration 0-19 20-33 40-59 60-79 €0-99 10C-119
Per Cent 0 26 29 55 s ’
Frequenoy

Table l---Frequenoy distribution in per cent of the amount of oold

front penetration.
distance bestween lows.

(125 owses)

Displacemsnt given as per oent of

Displacement
io per < 30 30-49 50-69 | 270
cent
| _ Long. - _
W of 90° 14 28 47 11
B of 90° 9 60 20 11

Tadle 2-=Per cent frequensy of smount of oold frunt disp.acement

vs. longitude of primary low.

Displecement giver es

per cent of distanse between lows. (98 oases)
Displacement ]
in per
Proga. et £ 30 30-49 60~69 > 170
Difference
> 10 mds 18 32 40 12
< 10 mbs 18 41 32 9 ]
Table 3--Per cent frequenocy of amount of oold front penetration
vs. pressure difference between lows (positive value
indicates lsading low more intense). Displacement
given as per ocnt of distance between lows. (63 cases)
Claplacement
Sekaod 20-39 |  40-59 60-79 | 2 80
Trough 21 48 26 6
No trough 57 33 11 0]

B el

Table 4--Per oent frequensy of amount of oold front penstratioca

vs. 500 mb trough condition.
oent of disziance between lows.

Displacemant given az per
(65 cases)
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